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Vision for Space Exploration, A "Current" View 
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Definition: This new theory is defined as the use of 




<U 

X 

c 

od 

O 

+-> 

cd 

X 

> 

c/5 

* 

•e 

o 

cd 


C/5 

O 

W 

G 

O 


C/5 C/5 

<D c/5 

* 

s a 

o x 

<\J <L> 

'c? 

* a 

a o 

bX) O 


C/5 

D> 

"T3 


<D 

<D 


V ^ 

o 

cd <D 

X C/5 

o 3 


C/5 

o 

o 

> 

cd 

13 

Q 

o 

CD 

Is 

13 

Vh 


C/5 

O 

o 

13 

a 

C/5 

(D 

N 


C/5 

a 

50 

• i— i 

C/5 

D 


-e 

o 


^ d 

C/5 rn 

0) ^ 

S 'c J2 

2 * -a 

Oh ^3 

>, c3 ^ 

O 'g § 

-4-> S 

O =3 

CD c/5 


cd 

£ 

C/5 

CD 

N 


cd 

Vh 

<D 

Oh 

o 


C/5 

D 


a g 


• • c 

•*— I 

a s 

« o 

s 

o> 

OQ 


I 

a 
o 
a 

C/5 

CD ^ 
T3 cd 
r 50 

a U *H 

o £ 2 

o o o 


C/5 

£ 

u 

m 

o> 

CN 

£ 

D 


C/5 

0 


o 

CO 

s 

13 

o 

e 

• 1-H 

o 

g 

c 

cd 


G 

C/5 

>> 

u 

Q 

Ot 

o 

X 

O 




o Invariant Manifolds 
o Capture Orbits 
o Ballistic Orbits 


A Sample of Analysis 
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History, Definitions, & Modeling 
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>CRTBP can be solved exactly 

> Unfortunately, unmodeled forces (solar radiation pressure, other 
gravitational bodies - Jupiter, etc.) and physical reality (non-circular motion 
or EM system about sun) cause perturbations i_ 





0) 

_Q 

TO ^ 

to .2 

C _Q 

3 S 

to 


3 

3 


m 


rsi 



oo 


f'-- 

> 

cu 


CD 

i— 

< 

CU 

1_ 

<u 


to 


o 

CL 

TO 

CU 


O 

U 


LT) 


to 

4-J 

o 

CL 

_TO 

O) 

TO 


cr 


■'3" 

h-l 




3 

3 


A A 


r^- 

r^- 

>- 

cu 


cu 

< 

4-J 

TO 


■4-^ 

O 

E 

M— Cl 

° 2 
to +-» 
C TO 

.2 fc 
§ 8 
S’* 

cu "g 
ij to 

£ & 

to u 

2 .2 
'■4-* cu 

is 

CD CU 


CU 

i_ 

TO 

to 

CU 

CJ 

£ 

cu 


hJ 


3 

C/5 


m 

hJ 


3 


ns 

L. 

o 

o 

U 

&D 

# C 

t5 

3 

o 

P* 

L. 

3 


c 

# o 

tC 

w 

qj 

— n 

o 

Cl, 

v 

s 

3 

E 


© 

CO 


© 

fcd 


TO 

CJl 


CO 

.2 

's_ 

TO 

E 


cu 

M g 
o 03 4-J 

o 2 


Q. 

O 


TO 

O 

i— 

CU 

N 

CU 

i_ 

TO 

CO 

4-> 

CU "O 

C cu 

O U 

Q. C 

E is 

o TO 

U -Q 


cu > 

u > 

. . to 

cu cu ^ 

E U ^ 

TO ro cy 
V4_ *T3 -i — • 

CD -Q 


= -a 

^ cu 

^ £ 
E TO 

— E 

CL C= 


o ■= 


.2 CU 
4J u to 
TO ir cu 
■x O u 

*“ ^N.O 

cu cu i4— 

£ & « 
.£ *7 O 

_ CO '43 

T3 — fU 

CU O 4-j 

^ 2 > 

^82 

.> w CD 

A 


<u 

TO 

to 
TO 

CO -E 


c 

cu 


o 

CL 

c 

o 

■ mmmm 

4-J 

TO 

L_ 

_Q 

Lj 

A 


cu 

o 

CL 

£ 

o 

u 


cu 

TO 

CU 

i_ 

CU 

4-j 

cu 

L_ 

cu 

-2 to 
^ cu 
cj 
cu L- 

E £ 

TO 4-* 

vt c 

__ cu 

CO -q 

g c 

4—> (V) 

JS CL 

<u 


§ -a 

^ to 
CD ^ 

SZ rsl 

t; e 

> E 
o cu 

L tO 

.2 >. 

4-J W 

to <- 

8 o 
a5 o 

Z rf 
.2 i c 

O t <£ 
_ TO 2 
£ ljj b 

CU cn cu 
4 -j 2 u 
'" TO 
CL 

to 

3 cf 

o ££ 

A 


E 1 
c 

c o 

0 = 

■ mmmm 

1 s . 

« s 


to ■ 
>- 
to 


¥ 


o o 

cu cu 

u u 

TO TO 

4-J 4-J 

to to 

■ mmmm m mmmm 

■a tj 

CM Lf) 

_1 _l 

TD TJ 
C C 
TO TO 

i-t 3" 

—I _J 

A A j ' •* 

| ® | Jb 

r Viii 

M. 


1 i 


r/ 

ai 


•j 


Views of a Circular Restricted Three Body 

Lissajous Orbit 
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Historical and Future Missions in Libration Orbits 
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TO COMET EXPLORATION 
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Farquhar et al [ 1 985] Trajectories and Orbital Maneuvers for the ISEE-3/ICE, Comet Mission, JAS 33, No. 
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Lunor Orbit 
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Lissajous Orbit: L2 large lissajous, Ay~ 294,000km, Ax~800, 000km, Az~ 131,000km, Class I 

orI1 

Spacecraft: Mass~6000kg, Three Axis Stabilized, ‘Star’ Pointing 

Notable: Observations in the Infrared Part of the Spectrum. Important That the 

Telescope Be Kept at Low Temperatures, ~3°K. Large Solar Shade/Solar Sail 









Current Capabilities and Developments 
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Chaos - System Application 
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Natural Formations: 

Design Quasi-Periodic Orbits — > 2-D Torus 
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• Uses Traditional Approach 
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Nominal Cis-lunar Trajectory 

Solar Rotating Coordinates 




Earth - Moon & L 2 Halo Orbit Families 





I_! & L 2 Vertical Orbit Families 



L 2 Butterfly Orbit Family 






o 

'cn 

cu 

oL 


o 

o 




tu 

LU 

cu 




o 

u 

<D 

44 


0 ) 

5-1 

3 

4-» 

U 

3 

5 -( 

■ 4 -> 

CD 

0 

O) 

bO 

•i— < 

W 

<x> 

4 ^ 

T3 

01 
C 
v+4 

O) 

T3 

CD 

• rH 

CD 

-M 

• rH 

4 > 

5 h 

O 


c 
o 

?H '43 


i 

o 

c 

< 1 > 

0 ) 

& 

4 -> 

O) 


CD 

S T 3 

2 e 

2 S 

0 H 

G & 

< 2 


05 

A 

4 -> 

0 ) 

-M 

05 

u 

•rH 

73 

G 

• rH 

73 

G 

05 

CD 

g 

o 

•rH 
*4— » 

u 

<D 

u 


a "2 

3 S 

£ g 

vg o 

m-i ^ 

<D -p 
<~! 44 
■±3 bo 

c *3 

cy to 

5h 

03 Q-> 

r ?H 

£ 03 
CD 


T 5 

O 


CD 

c 

•rH 

01 

G 

O 

0 

JU 

Oh 

cr 

3 

0 

0 

05 

o 

• rH 

CD 

Id 

• ^ 
-M 

05 

CJ 

73 

*h 

• rH 
£ 

G 

05 

A 

•rH 

03 

0 

r^H 

G 
a> 
a j 
> 

>N 

3 

T 4 

05 
■ > 

CD 

CD 

£ 

44 

0 

cu 

-M 

0 

A 


5h CD 
03 ft 

£ 

G CD 

a G 
A ^ 
8 * 


<X> 


u 


A QJ 

H .ft 

O T5 


JtrO 

? ° 
A 0 ) 

c 3 

bO <z> 
<3 5-1 

s X 

2 o 
N 43 

H-> H-> 

« o 

Jh +-» 

° T3 

5h 1) 

03 >> 

s o 

* S 

4^ 03 

*CD 44 

CD K. 

o ^ 
a o 


U 

0 > 


> 

a3 ' 
03 .ft 

3 2 

o - 
t3 g 
Q- S 

^ o 

O rH 
^ hJ 

<N 

I— I CN 

^hJ 


o V 
& o 


ft £ 

a> 4 ^ 

I ! 8 

| 5 £ 

13 o $ 

O) 4 -> l 

44 5h 


CD 
CD 

P 
o b 


^ 1 
o 

«s 5 


i 

o 

O 


CN 

hJ 


S-H 

03 ”0 


<D 

C 


c 

a3 


3 

c o 

O eft 

o 

4. CD 
<D 
5-i 

s 

e 

03 
Oh 
<D 

Q 


i 

44 

t: 

03 

w 




Applications of Chaos in the Earth-Moon Region 
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libration point orbits. We analyze different architectures for nearly rectilinear halo orbits , vertical 
orbits , and other three-body variations for lunar coverage of the South Pole. Using invariant 
manifold theory , we also analyze the transfer and station-keeping costs for these orbits. Libration 
point orbits may be a cheaper alternative to pole-sitters or even two-body, highly eccentric orbits. 




Applications of Chaos in the Earth-Moon Region 

Invariant Manifolds 
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